Introduction

34
There is now ample evidence that climate change has important impacts on the 35 geographic distribution, demography and phenology of a broad range of organisms (e.g. 36 Stenseth et al., 2002; Beaugrand, 2009 ). Climate-driven changes in temperature can 37 impact fish both directly, by affecting their physiology and behaviour, and indirectly, by 38 affecting the structure and productivity of ecosystems (Beaugrand, 2009; Brander, 39 2010).
40
It has long been recognised that temperature greatly influences fish ecology and 41 physiology, as it affects their reproductive capacity, growth, survival and migration 42 (Magnuson et al., 1979) . Furthermore, temperature is an important factor in defining the 43 range of suitable habitats for marine fish and in determining their distribution within 44 habitats (Murawski, 1993 Bluefish, Pomatomus saltatrix, is a migratory coastal pelagic species found in 83 temperate and tropical marine waters throughout the world (Juanes et al., 1996) . In the 84 Mediterranean it is more abundant in the southern and eastern warm waters (Tortonese, 85 1986). In the western Mediterranean basin, the southern Catalan coast had been 86 proposed as the northern boundary edge of the species distribution (Sabatés and Martín, 87 1993). In that area, the only study on the biology of bluefish is that of Sabatés and 88 Martín (1993) , which deals with its distribution and spawning in the early eighties.
89
Other studies refer to the association of the species to fish farms sea-cages (Sanchez- The life cycle, distribution, seasonal migration and spawning of P. saltatrix are 94 closely linked to temperature. The species is usually found at temperatures from 14-16 95 to 30ºC (Fahay et al., 1999 (Millot, 1999) . This current flows southwestwards in front of the Catalan coast at 121 approximately 30 cm s-1 at the surface (Salat, 1996) . The northern sector of the Catalan 122 coast, which is more directly influenced by strong northerly winds, is generally colder 123 than the central and southern areas (Fig. 1) . This can be clearly observed in satellite 124 thermographies in which a surface thermal front perpendicular to the coast roughly 125 coincides with the limit of frequent northerly winds (Sabatés et al., 2007a ; Fig. 1 ).
126
Continental water inputs play an important role in the region. The southern shelf of the
127
Catalan coast receives a large input of continental water from the Ebro River, and thus 128 the surface chlorophyll levels are higher in this area than in the north. splines with a degree of smoothing estimated by the mgcv routine (Wood, 2000) . it can be observed that most of the SST values were higher than the mean, in particular
236
May and June. In 2010 SST in these two months fell below the mean (Fig 4) . significant shift in 1996, as detected by STARS, from < 50 t to around 200 t (Fig. 3) . In with minima coinciding with the coldest months, at an SST around 14ºC.
254
As stated above, bluefish were much more abundant in the southern part of the 255 study area. Annual landings from Sant Carles de la Ràpita, fluctuated between 90 and 256 130 t during 1988-1996 and were around 50 t during the last decade (Fig. 7) . The been much higher in the northern part of the study area (Fig. 7) , thus, the landings 
266
Pomatomus saltatrix larvae
267
The horizontal temperature and salinity distributions at 5 m depth, during the four 268 surveys, is shown in figure 8 . In all situations, the temperature was higher in the reproductive period (Fig. 8) .
290
The size frequency distributions of bluefish larvae in each survey were fairly 291 similar in the northern and southern parts of the study area (Fig. 9) consequence of the arrival of individuals from southern areas or from offshore waters.
353
The only available information on bluefish in coastal waters in the western
354
Mediterranean regards the presence of the species in association with fish farms sea- unknown, although it could be large.
371
The small size of larvae showed that bluefish reproduces all along the study area.
372
Spawning was more protracted in the southern part, extending from June to September.
373
The absence of larvae in the north by the end of the spawning period (September) is 374 related to the colder temperature in this area since the temperature begins to decrease we can conclude that currently the spawning area has extended to the north and that 384 spawning starts earlier (end of spring, June). Furthermore, 21ºC appears to be the 385 threshold temperature for the presence of larvae in the plankton, and this threshold was 386 not attained in June in the early eighties (Sabatés and Martín, 1993 
407
In the present study we observed a clear association between P. saltatrix larvae 1996 and references therein). The high surface productivity on the Ebro shelf is 413 characteristic of this area (Salat, 1996) . It should be taken into account that in the northern waters southwestwards along the continental slope (Millot, 1999) . It is also
433
unlikely that the larvae collected in the northern study area had been transported from were very small, demonstrating that they were of local origin (Fig. 9) . The northwards 
